I. INTRODUCTION HE MEASUREMENT of a scattering parameter is indispensable for characterization of microwave networks and devices. A common way to measure an sparameter is to use either a slotted line or a network analyzer [1] . A slotted line method provides accurate data, but is laborious and time consuming. A network analyzer, on the other hand, permits quick measurements, but the available commercial instrument is expensive.
This paper describes a microwave network analyzer implementable without any sophisticated component. The essential part is a binary 900 phase shifter in combination with a coherent detector. This combination makes possible the time-sharing detection of the real and imaginary parts of an s-parameter to be measured. Manuscript received May 2, 1977 . The authors are with the Research Institute of Electronics, Shizuoka University, Johoku 3-5-1, Hamamatsu 432, Japan.
Following this introductory section, Section II develops the time-domain analysis which describes the time-sharing detection. The analysis assumes the binary 90°phase shifter involved to be ideal. A performance of the real phase shifter differs, inevitably, from that of the ideal one. Therefore, the measurement error is evaluated in Section III in terms of the mismatch factors of the binary 90Q phase shifter. Section IV describes the performance of a prototype analyzer together with a measuring example which confirms the detection principle. phase shifter driven by the modulating pulse generator, where it undergoes the phase shift of 900 during a halfperiod of modulation frequency, and no phase shift, apart from the propagation delay, during another half period. This phase-shift keyed signal is mixed with a reference carrier in mixer diodes to be converted to a video signal.
The video signal thus obtained consists of an alternate sequence of two components, one proportional to the real part and the other to the imaginary part of the s-parameter, as described shortly. The two components are separated from the time sequence to each individual component by the sample-and-holds in synchronism with the binary 900 phase shifter.
The time-domain analysis makes the time-sharing detection process clear. Assuming that the wave incident upon the unknown has a unit amplitude, the signal es (t) is written as es(t) = Re IS -exp (jwt)I = Sr(t) cos wt -Si(t) sin wt where Tm is the modulation period and n is an integer. The mixer operates as a product demodulator. Besides a product component, it produces a dc component contributed independently by the signal and the reference carrier, but it is canceled out by taking the difference between the demodulated outputs of the two mixers. Assuming that Tm is short enough so that the s--parameter does not change appreciably during Tm, which places the lower limit on the modulation frequency, we have the demodulated output ed(t = , e(t) cos wt
where the double-frequency term is deleted because of a low-pass filter in the video portion of the mixer. The demodulated output is thus the time-division multiplexed version of the real and imaginary parts of the s-parameter.
It is understood from this that the binary 900 phase shifter plays, in combination with the coherent detector, a sampler and commutator part in a time-division multiplexing system. The sample-and-hold plays a decommutator part in a demultiplexer. The timing between the commutator and the decommutator is shown in Fig. 2 together with an implementation of a pulse generator. Fig. 2 supposes the binary 900 phase shifter employing a p-i-n diode which causes no phase-shift when forward-biased by Vf and a 900 phase-shift when reverse-biased by Vr. The guard time is also provided to avoid the crosstalk between the signals in neighboring time slots which would otherwise be caused by the finite bandwidth of the differential amplifier [31 and the finite aperture and acquisition times of the sampleand-hold. Referring to (4) and Fig. 2 , it is recognized that the output of the sample-and-hold driven by the pulse train (D1) is a step approximation to Sr(t), with each step having the width Tm. Similarly, that by the pulse train (D2) is a step approximation to Si(t). The smoothed outputs are provided by additional low-pass filters (FL-LP's in Fig. 1 ).
III. MEASUREMENT ERROR
The allowable tolerance for a measurement error determines the available bandwidth of a network analyzer. In the present scheme, the most serious error source is the mismatch of the binary 900 phase shifter. With the mismatch present, the transfer function (2b) has to be modified to
as shown in Fig. 3(b) . The same relation as in Fig. 3(a) where e and o represent the amplitude unbalance and the phase-shift deviation, respectively, characterizing the mismatch. Their contributions to the measurement error can be evaluated separately. The amplitude unbalance reduces the demodulated imaginary component of the s-parameter by E. Therefore, the s-parameter indicated on a complex plane traces not a circle but an ellipse when 0 is varied over 2ir rad, as shown in Fig. 3(a) The amplitude error less than 5 percent requires E to be less than 0.05 or 0.45 dB. The phase error is then within 1.50.
The phase-shift deviation causes the cross-talk so that the output ey contains not only the imaginary component but also the real component of the s-parameter. The trajectory on a complex plane then becomes an ellipse whose major axis makes an angle 450 with respect to the real axis, IV. PROTOTYPE ANALYZER A prototype network analyzer has been implemented using X-band waveguide components. The binary 90°p hase shifter consists of a circulator and a high speed p-i-n diode mounted Xg/8 away from a short. The specified frequency is 9.5 GHz. Taking the slew rate of the differential amplifier and the response speed of the sampleand-hold into account, the modulation frequency of 200 kHz is chosen. This will suffice for most measurements. The guard time is 0.5 gs. Since the emphasis is placed on the experimental confirmation of the detection principle, no special attention is paid for broad-banding the binary 90°phase shifter; consequently, the phase-shift deviation increases monotonically as the frequency of measurement deviates from the specified one to reach +50 at 9500 + 300 MHz. The available bandwidth over which the amplitude and phase errors stay within 5 percent and 5°, respectively, is therefore only about 6 percent. For the same error tolerance, however, the available bandwidth over 40 percent is quite possible by using any one of those broad-band 90°phase shifter reported by Schiffman V. CONCLUSIONS A novel scheme for implementing a microwave network analyzer has been presented. It features easy implementation made possible by the time-divided phasor detection of a signal. The principles of detection has been experimentally confirmed by the performance of the prototype analyzer.
The available bandwidth of the prototype analyzer is rather narrow because of the poor performance of the binary 900 phase shifter involved. A broad-band 900 diode phase shifter is now in design to extend the available bandwidth. REFERENCES 
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[6] R. Abstract-A description of a coherent optical processor which utilizes matched spatial filters in order to do pattern recognition is presented. The processor has been interfaced to a PDP-1 1-40 computer which controls the input film drive, the filter stage stepper motors, digitizes, and stores data and is used for data analysis. On-line to the computer are various peripherals including: a IIEC-writer, a storage scope, a plotter, and a display terminal. As an example of a pattern recognition problem, we discuss the application of the system to the identification of biological specimens.
I. INTRODUCTION
T HE HYBRID OPTICAL processor described here attempts to combine into a single system the attractive features of an optical parallel processor with those of a digital computer. Pattern recognition can be performed in parallel on a given image by means of an optical system. This means that an image can be identified essentially at the speed of light. The sacrifice in speed comes when it is necessary to store the information and to change various system parameters such as new input, time sharing of matched filters, stepper motor positions, rates of digitization, etc. These lqtter changes require some form of digital controls that are usually performed via a computer. This in turn leads to serial transmission of the information and substantial reduction in speed over an optical parallel processor. The union of these two systems can, however, still provide one with an attractive means for pattern recognition, depending on the application.
The method employed here forthe pattern recognition is that of matched spatial filtering which will be discussed further in Section III. An example of the application of this system to biological patterns is mentioned in Section V. II. OPERATING PRINCIPLES Fig. 1 represents a system diagram and the relation between an optical system and digital system. The optical system will take care of identification problems by using some optical techniques which will be discussed later in Section III. The digital system consists of a PDP-11-40 computer with some peripheral devices, and is responsible for control of various stages and the on-line data acquisition. That is, the input (35-mm transparency) film strip which is mounted on a film transport is positioned by the computer to a specified sample input. Also, the filter stage can be addressed to any one of the 10 x 10 filters by typing on the console the (X, Y) coordinate of the desired filter. The computer then moves the specified filter into position to within 2.5 ,um on both X and Y axis. Once the filter is in position, the correlation and/or autocorrelation takes place optically and in parallel. The output signals (bright dots) are then automatically scanned' by a vidicon, digitized up to 64 gray levels and stored both in core and onto magnetic tape for further analysis. Eventually, all the information about a given filter can be accessed through the system software. Details about the digital system will be described in Section IV.
III. OPTICAL SYSTEM Shown in Fig. 2 is an outline of the optical processor. The optical-matched filtering process used by the system will be described briefly since documented papers on this method appear in [l] - [41. Let F[U*(-x)J = U*(v), the Fourier transform of U*(-x), be defined as the matched spatial filter for the object function U(x). In practice we use the two-dimensional Fourier transform, although here we use the onedimensional form for simplicity. In this optical system we have constructed on a 2 X 2 in photographic plate a reference bank of matched spatial filters. The plate contlins
